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To elucidate the effect of freezing and thawing on the flesh quality of the cultured carp (Cyprinus 
carpio) during storage in ice, we examined the changes in ATP related compounds (K values %), 
expressible water (%), breaking strength (N/cm2) and histological observation. During storage in ice, 
the increasing speed of K value in the freeze-thawing group was 1.6-fold higher than the unfrozen 
group. In addition, the rate of expressible water in the freeze-thawing group was higher than the 
unfrozen group through the storage period, implying that the ice crystals produced by frozen were 
melted and effluxed to extracellular space. The breaking strength after freezing and thawing was 
lower than that of the unfrozen. Although the breaking strength of the unfrozen group was decreased 
with storage in ice, the breaking strength of the freeze-thawing group remained at low level until the 
end of storage period. These results suggest that the freezing and thawing processes deteriorate the 
flesh quality through the increase in the incresing ratio of K value and expressible water, and a 
decrease in breaking strength. 
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Fig.1 Changes in temperature of ordinary muscle in cultured carp during freezing and 






















Freezing time Thawing time
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Table 1 Parameters of regression line of K value (0-40%) in freeze-thawing and unfrozen 


























Fig. 2 Chenges in K value of the freeze-thawing and 
unfrozen ordinary muscle in cultured carp group 






























Fig. 3 Changes of expressible water (A) and breaking 
strength (B) of the freeze-thawing and unfrozen 
ordinary muscle in cultured carp group during 


























































































Slope (K/day) Mean (K/day) SD r p
Unfrozen muscle
1 1.53 1.34 0.9985 <0.001
2 3.02 0.53 0.9891 <0.05
3 3.53 2.64 0.9967 <0.001
freeze-thawing muscle
4 3.78 4.34 0.9742 <0.05
5 4.92 5.60 0.9988 <0.05
6 4.48 20.74 0.9784 -

























































Fig. 4 Light micrographs of cross section cultured carp 
ordinary muscle. Each section was stained with H 
& E (a: just after killing, b: frozen at approximately 














































































































1) I. Ashie, J. Smith and B. Simpson: Critical Reviews 
in Food Science and Nutrition, 36, 87-121(1996). 
2) G. Olafsdottir, E. Martinsdottir, J. Oehlenschlager, 
P. Dalgaard, B. Jensen, I. Undeland, I. M. Kackie, G. 
Henehan, J. Nieisen and H. Nilsen: Trends in Food 
Science and Technology, 8, 258-265 (1997). 
3) K. Whittle, R. Hardy and G. Hobbs: In Chilled fish 
and fishery products, T. Gormley (Ed.), Elsevier 
Applied Science, New York, 87-116 (1990). 
4) S. A. Kurade and J. D. Baranowski: Journal of Food 
Science, 52, 300-311 (1987). 
5) M. P. Richards: Contributions of blood and blood 
components to lipid oxidation in fish muscle. PhD 
Thesis, University of Massachusetts, Amherst (2002). 
6) J. Sarma, G. V. S. Reddy and L. N. Srikar: Food 
Research International, 33, 815-820 (2000). 
7) Londahl, G: Infofish International, 3, 49-56 (1997). 
8) S. Ehira, H. Uchiyama, F. Uda, H. Matsuyama: 
Nippon Suisan Gakkaishi, 36, 491-496 (1970). 
9) 槌本六良, 三嶋敏雄, 宇津木照洋, 北島俊一, 矢田殖郎，
保田正人:日水誌, 51, 1363-1369 (1985). 
10) 田端義明, 金津良一: 日水誌, 41, 233-241 (1975). 
11) M. D. Arroyo, Y. Hamada, A. Okamoto, A. Tateishi 
and K. Tachibana: Fish. Sci., 73, 651-659 (2007). 
12) 景山圭三，渡辺陽之輔監修: 第5版病理組織標本の作り
方，医学書院，東京, 17-79, 98-99 (1981). 
13) 梁 佳，槌本六秀，肖 寧，川口夕貴，小野 要，濱田
友貴，谷山茂人，橘 勝康: 日本食品化学学会誌, 18, 
168-173 (2011). 
14) 梁 佳, 宮﨑宮﨑, 趙 鮮鮮, 吉田朝美, 平坂勝也, 谷山茂
人, 橘 勝康: 日本食品化学学会誌 (印刷中). 
15) 河野晋治，山上信一，篠崎聡: 2010年度日本冷凍空調学
会年次大会講演論文集, pp245-246, 金沢, 2010. 
 
